
1 The number of bosons that can be accommodated in excited states is
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where λβ = h̄
√

2πβ/m is the thermal wavelength and the fugacity z is from the range

0 < z < 1. Since g1/2(z) → ∞ as z → 1, we can have any number of bosons in
the excited states and, therefore, there will not be an excess of bosons in the ground
state. It follows that there is no Bose-Einstein condensation here.

2

(a) Ekin[ρ] is the usual TF approximation for the kinetic energy; Etrap[ρ]
is simply obtained from the general form for the energy in an exter-

nal potential,
∫

(d~r)Vext(~r)ρ(~r), with the potential energy of the har-

monic force for the external potential energy Vext(~r); and Eint[ρ] is like-
wise obtained from the general expression for the pair-interaction energy,

Eint[ρ] =
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(d~r2) ρ(~r1)Vint(~r1 −~r2)ρ(~r2), with the interaction po-

tential Vint(~r) = Wδ(~r)

(b) There is first the constraint
∫

(d~r)ρ(~r) = N , and then we get from δE[ρ] = 0

that
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2
mω2~r2 +Wρ(~r) = µ

must hold where ρ 6= 0, with the chemical potential µ. Its value is determined
by the constraint.

(c) The trial densities ρλ(~r) = λ3ρ(λ~r) obey the constraint and give

E[ρλ] = λ2Ekin[ρtf] + λ−2Etrap[ρtf] + λ3Eint[ρtf] .

Then,
∂

∂λ
E[ρλ]

∣∣∣
λ=1

= 0 implies 2Ekin[ρtf]− 2Etrap[ρtf] + 3Eint[ρtf] = 0.
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(a) With Q(β, V,N) =
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we get
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(b) We have

F (T, V,N) = −kBT logQ(β, V,N) = −NkBT
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after using Stirling’s formula for logN ! as usual. It follows that the pressure

is p = −∂F
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= NkBT/V and, therefore,
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(c) Since S(T, V,N) = −∂F (T, V,N)

∂T
and S(T, p,N) = −∂G(T, p,N)
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heat capacitances are
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G(T, p,N) = 4kBN .


